ABSTRACT: Several studies examined the relationship between environmental degradation and population growth. However, most of them don't take into account the difference between local population and tourist arrivals. This paper contributes to the literature by separating these two groups within the framework of IPAT-based models to measure the impact of tourist arrivals in terms of municipal solid waste generation for Mallorca. The model leads to a stochastic differential equations system, which showed that this mature tourist destinations have higher population elasticity than industrial economies. Moreover, the model allowed us to measure the elasticity of substitution between lower-income and higher-income tourists.
Introduction
Tourism is an industry with a product based on environmental consumption, both natural and man-made. The continued growth in tourism has led many nations, as well as tourism companies, to recognize the need to conserve valuable tourism resources in order to continue with the growth trends in the future. Thus, it will be possible to extend the benefits of tourism activities to future generations as well (Archer, 1996; Butler, 1993; Guthunz and von Krosigk, 1996; Filho, 1996; Gossling, 2003; Hampton and Christensen, 2007; Liu and Var, 1986; Saleem, 1996; Sheldon et al., 2005; Wilkinson, 1997; Wilson, 1996) . Therefore, an integrated approach to tourism planning and management is now required to achieve sustainable development in tourism.
With regard to tourism, the competitiveness of a given destination is related to the experience that tourists have. Although the measurement of the "experience" concept can be difficult to achieve, there is a considerable consensus among researchers that part of the tourist experience is associated with the quality of the destination attributes. Thus, it should be understood that environmental quality is one of the main inputs of tourism competitiveness (Bramwell, 2004; Bardolet and Sheldon, 2008) .
The tourism industry has special characteristics in production given that to the consumption of the "tourism product" is performed at the destination. This reveals that tourism growth is related to the increase in tourist arrivals, which are equal to have a nomad population in the destination.
Every population, nomad or local have a pattern of consumption that certainly generates a waste flow that eventually must be dealt with in order to maintain the environmental quality (which is an asset of the tourist sector) of the destination. However, waste disposal collection and treatment that avoid (or at least reduce) environmental impacts on local landscape involve costs usually paid by local population. Thus, waste treatment could be considered as an externality generated by the tourism sector.
Although the relationship between environmental degradation and economic growth has been the subject of increasing attention in recent years due to obvious negative impacts on human economic activities and life quality, almost the entire set of studies has focus on economic production, particularly in industrial countries (Stern, 2004) .
The relationship between population growth and environmental impacts still need further research; therefore, this paper stems from the need to improve the environmental impact modeling and comprehension of the consequences of different population trends on environmental disruption.
The main objective of this paper is to assess the environmental impact of tourism growth on municipal solid waste (MSW) generation by an IPAT-type model based on stochastic differential equations for a mature tourist destination as Mallorca (Balearic Islands) . This formulation seeks to get better results than those obtained by previous studies as it allows dealing with the presence of stochastic regressors (population and affluence).
Mallorca is one of the most popular tourist destinations in Spain and one of the most visited "sun and sand" destinations in Europe. Located in the Mediterranean north-east coast of Spain, the island is easily reached from most European countries in no more than four hours from the most distant countries as noted by Garín-Muñoz and Montero-Martín (2007) . As these authors suggest, Mallorca has usually been considered in the literature as a typical example of a second generation European mass tourist resort (Knowles and Curtis, 1999) .
Therefore, the important contribution of natural resources and environmental services in the productive structure of the island and its rapid development as highdensity tourist destination are the main reasons why this island is one of the most interesting locations to analyze the potential impact of tourist arrivals on environmental quality (measured by municipal solid waste generation).
Previous studies have attempted to measure the impact of population growth on the environment following the seminal idea of Ehrlich and Holdren (1971) . These studies focused their attention on local population; however, little attention was given on the performance of the regions which have specialized in tourism activities where human pressure does not correspond directly to the local population (Shi, 2003) .
The paper is organized as follows: Section 1 of this paper briefly explains the relationship between tourism and municipal solid waste generation; Section 2 gives a brief introduction to waste disposal management in Mallorca; Section 3 summarizes the theory behind the IPAT Model; Section 4 introduces the stochastic system of equations according to the STIRPAT model. Section 5 and 6 are devoted to explain the methodology and the data set used and finally, Section 7 and Section 8 show the main empirical results and conclusions.
Tourism and municipal solid waste generation
Tourism is not only one of the fastest-growing industries in the world, but also can be considered as one of the most remarkable socio-economic phenomena of the post-World War II period (WTO, 2001) . This industry has become a major source of income, employment and wealth in many destinations (Archer, 1976; Archer, 1982; Archer and Fletcher, 1988; Fletcher and Archer, 1991) . However, its rapid expansion has also had negative environmental impacts, which should be considered in the economic analysis (Palmer and Riera, 2003) .
The natural resource's depletion and environmental degradation related with tourism became a serious challenge to many tourism-based economies. The fact that most tourists who chose to maintain their relatively high consumption patterns (and waste generation) when they reach their destination can be a particularly severe problem if destinations do not have the means to protect their local ecosystems from the pressures of mass tourism (Mathieson and Wall, 1982; Briassoulis and van der Straaten, 1992; WTO, 1999) . It is also important to recognize that environmental degradation, at the same time, face a serious threat to future tourism activities by discouraging tourists from visiting some "dirty" destinations (Rey-Maquieira et al., 2005; Alegre and Cladera, 2006) .
As Abrate and Ferraris (2010) argued, post-consumption environmental impacts have become an important issue all over the world. Municipal solid waste volumes are predicted to continue rising unless actions are taken in order to keep down the problem. Moreover, untreated MSW disposal has contributed to reduce environmental quality of destinations. Therefore, the fast growth of tourism has exacerbated this problem in recent years. In fact, new trends in tourism are related to improving the enforcement of their environmental protection targets.
The concept of sustainable tourism, as developed by the World Tourism Organization (UNWTO) in the context of the United Nations sustainable development process, refers to tourist activities as "leading to management of all resources in such a way that economic, social and aesthetic needs can be fulfilled while maintaining cultural integrity, essential ecological processes, biological diversity and life support systems" (UN, 2001) .
Similarly, in the academic literature, as well as tourism-related forums, there is growing interest in the evolution of destinations considered as "mature". Changes in tourist values, lifestyles and greater concern about environmental impacts of human activities are considered as part of the new features of tourists (Poon, 1993; Urry, 1995; Vanhove, 2005; Montero and Oreja, 2005) .
As some authors noted (Cooper, 1990; Aguiló and Juaneda, 2000; Aguiló et al., 2005; Vera and Baños, 2010) , in order to compete, "mature destinations" have to innovate through research and development of new features and elements that can distinguish them as attractive compared to the supply of other destinations. This creates a competitive environment which is increasingly dynamic (Butler, 1980; Agarwal, 1997; Priestley and Mundet, 1998) . Therefore, the innovation process in these mature destinations seeks to increase the value of the destination. In this sense, the growing world interest about environmental causes makes environmental innovations highly relevant to improve the tourist destination's competitiveness (Vera, 1992; Poon, 1993; Cooper, 2002) .
However, increases in tourist arrivals and value of the destination should lead to increases in income and consumption, which lead to increase the amount of municipal solid waste generation. The change in consumption patterns has resulted in shortening the lifespan of products and hence bringing about the early elimination of recyclable products, such as furniture, home electronics, and other household items (Hitchens et al., 2000) .
As Ku et al. (2009) noted; the increase in overall consumption, the use of disposable products and excessive packaging are creating increasing challenges for waste management authorities. Therefore, waste has become a serious social problem and a threat to the environment. In addition, the search for efficient alternatives to reduce municipal solid waste has become very important and the problems associated with waste generation and management cannot be solved without efforts to reduce the growing amount of waste.
One of the major environmental challenges for tourist destination planning is related to proper waste management, since MSW generation is higher in tourist areas than in residential areas. There is a need to take appropriate policies in order to reduce the amount of waste generation. Moreover, in the last three decades, MSW collection and disposal industry have been affected by the increasing volume of waste leading to landfill collapses and other negative impacts over environmental quality (Nicolli et al., 2010) . Furthermore, fixed landfill capacity and the rising real costs of MWS disposal have made it even more difficult to offer a good service in some areas.
The attention over landfill's capacity and recycling policies greatly increased over the last years, encouraging households to sort waste and creating a bigger market of recycled materials (an example, many countries established a 'per bag' price policy). As a result, some economists started to pay attention to this sector, especially in tourism destinations where recycling policies have been applied to local population but there are few incentives for tourists to take care of the environmental quality of the destination (Radwan et al., 2010; Gidarakos et al., 2006) .
Tourism economic growth benefits can be measured in terms of employment and income; however, this process also involves costs that could affect some value drivers of the tourism economy. Municipal solid waste generation is an externality that received little attention in tourism studies; therefore, one of the main goals of researches in environmental innovation on tourist destinations must go through the analysis of the determinants of MSW generation.
Waste disposal treatment in Mallorca
Current trends in urban solid waste treatment are directed to (i) the introduction of incentives to reduce volumes of waste generation, (ii) recovery (reuse) of a current amount of MSW and (iii) disposal in an environmentally friendly way of unrecoverable fractions. Therefore, the first element of the list is related to long-term policy while the latter two points have to do with medium-term policies.
The implementation of efficient and environmentally advanced systems for proper MSW management is still one of the main challenges of the XXI century. This requires not only a customized solution, but also consensus at all levels: political, economic and social (TIRME, 2010).
As Aguiló and Juaneda (2000) noted, "the process of modernization of the tourism product, and the reshaping of Balearic Island's image has been remarkable. While it is true that both modernization and image-reshaping have received a great deal of criticism, the islands have developed a policy aimed at the conservation of natural spaces and the improvement of tourism resorts, which has proven less erroneous than that of competitors in this region".
The first step of this strategy was taken by the Balearic Government which developed a set of rules, which became the origin of this process. The plan included efforts to modernize tourist accommodation in 1990, the legislation for natural areas in 1991, and the plan to control accommodation supply in 1995 (Blasco, 1996; Blasco and Segura, 1994) .
It is in this way, that tackling the problem of proper municipal solid waste management as an environmental externality, the Balearic Government in 1992 gave the grant of public service waste management in Mallorca to a private project, whose operations have been marked by the three waste plans that establish the guidelines of the MSW management model on the island.
Before the project began, Mallorca was one of the "dirtiest" destinations in Europe generating a large amount of waste per capita 1 . Because of these problems, Balearic Islands authorities developed the Master Plan for Solid Waste in Balearic Islands (Plan Director de Residuos Sólidos Urbanos, PDRSU) that looked forward to helping the region to take care for its environmental assets in a better way.
The PDRSU focused on recycling and hereby leads for reuse of resources in other sectors (in contrast to the landfill where these are dumped and stocked). Therefore, part of the MSW disposal is used efficiently for electric generation while another is devoted to the production of organic fertilizers, building materials and other alternative uses.
Nowadays, Mallorca's waste treatment plant has a capacity of 30.000 tons, and it is considered as an example of environmental efficiency by leveraging virtually all waste received in the island (TIRME, 2010). However, waste management currently faces technical challenges, given the increasing volumes of MSW generated as a result of tourism and population growth in Mallorca. In this sense, despite the great achievements of the government in waste management, the need to increase efficiency in management should be considered as a primary target for the solution of environmental externalities.
The IPAT Model
One of the essential steps towards an efficiently MSW management is to know and be able to predict the magnitude of the contribution of tourist's growth to the generation of municipal solid waste. In this regard, one of the main objectives of this research focuses on the development of an accurate analysis of the problem of waste generation in Mallorca in order to identify its leading determinants. This research also looks forward to giving public authorities a set of quantitative tools that could help them propose policies that would reduce these effects.
Although there is a consensus among researchers about the main determinants of environmental impact, such as population growth and economic development, there is still a strong debate on the importance of these determinants on the environmental system in which they interact. Usually in theoretical models the environment is considered as a sink of waste, which is indirectly determined by the population. However, the amount and type of environmental impact are furthermore determined by production technologies and consumption patterns (Gans and Jöst, 2005) . Therefore, even a growing population does not necessarily lead to increase environmental deterioration per-se if this population can substitute goods of high polluting character for those that cause lower environmental impact. In addition, technical progress might reduce the amount of pollutants produced per unit of output.
As we can see, the main difference between these models is the importance that those determinants have as long-term effects. Some examples of theoretical models which base their explanation on consumption patterns are the Environmental Kuznets Curve (EKC) and the Green Solow Model. On the other hand, one of the main models which support the idea that population growth is a major determinant of environmental impact is IPAT-model, developed by Ehrlich and Holdren (1971) , which is widespread in ecological economics.
Even though these models are widely spread in academic literature, researchers focused their attention on industrialized countries or developing countries to assess and quantify environmental impacts (usually through greenhouse gases). However, little attention has been given to the study of these models in tourist economies.
Mature tourist destinations are characterized by a significant number of tourist's arrivals each year, where repetition of the destination is a usual behavior between them, and that tend to be related with a stable behavior in tourist expenditure too. Given these characteristics of mature destination's tourist arrivals could be considered as a major determinant of environmental impacts, even more important than tourist expenditure.
The role of population growth on environmental quality can be traced back to the debate on the relationship between population and natural resources made by Malthus (1798) in "An Essay on the Principle of Population" who was initially concerned by the trend of population, which would increase pressure on limited resources (land). However, some of the critics to Malthus forecast were related to the omission of the possibility of technological innovation in agriculture, which, in fact, made the increase in yields possible and allowed the natural environment to support a large population without harming their welfare.
As Fischer-Kowalski and Amann (2001) mention, the Malthusian concern returned again during the 60s when some researchers as Ayres and Kneese (1968) attempted to conceptualize the economic system into a thermodynamic framework, taking into account the law of conservation of mass. This attempt should be seen as one of the early stage of the important contributions such as those made by Boulding (1966) with his "Cowboy economy on a spaceship earth" and Meadow's "Limits to Growth" model (Meadows et al., 1972) which suggested to take into account the earth's carrying capacity in an economic growth process.
Although the author and those belonging to the Malthusian framework were not specifically concerned about the environment but more related to natural resource for production, their positions have been well taken in recent environmental debates. However, as Shi (2003) noted, there are still some researchers that have attained to test the ability of the environment to absorb wastes generated by mankind's activities and didn't find any relationship with population growth (Commoner, 1972; Cropper and Griffiths, 1994; Myers, 1993 2 ). Our starting point in the theoretical framework used in this paper is the debate that took place in the seventies, which led to the formulation of the so-called IPAT equation that reserved a prominent role in explaining demographic environmental impacts. Ehrlich and Holdren described the environmental impact of an economic system by the following In this expression I denotes the environmental impact; P represents population size; A stands for affluence; and T for the state of technology. Ehrlich & Holdren's original arguments were close to Malthus position, considering that population growth caused "disproportionate negative impact" on the environment.
As Jöst and Quaas (2006) explain, in empirical research, the use of an observable variable for the environmental impact is usually related greenhouse gasses emissions (however, the concept of the theoretical model applies to all environmental variables), the affluence is measured by per-capita gross domestic product (Y/P), and the state of technology is approximated by the amount of pollutants per unit of gross domestic product.
If we take the logarithm of the previous equation and the derivatives with respect to time to get the mean relative change of the environmental impact, we would find that it is equal to the sum of the average change of pollutant per unit of gross domestic product, the average change of per-capita gross domestic product, and the average change in population size, respectively. This identity has been applied quite frequently at different levels of aggregation (nations, regions or districts; see Scholz, 2006) . However, as the IPAT is treated as an accounting equation, this formulation is simply a tautology which leads to strong critics to empirical estimations of these models. Moreover, the IPAT equation is not 2 Some of these papers are based on the idea proposed by Simon (1981) who argued that the larger the population, the more vigorous the development of science and technology, and the better mankind's ability to provide technological solutions to environmental problems.
[1]
[2] prepared to test hypotheses given that it assumes that (i) the effect of each driven force is proportional, and (ii) the sum of these forces was equal to one. This is exactly the starting point of the work developed by Dietz and Rosa (1994; about twenty years after Ehrlich and Holdren's original publication. These authors proposed that IPAT identity would be reformulated into a stochastic equation in order to allow random errors in the estimation of parameters. Thus, they IPAT equation was reformulated as STIRPAT, meaning "Stochastic Impacts by Regression on Population, Affluence and Technology". These authors consider the following formulation:
Where a, b, c and d are the parameters to be estimated and e is an error term. This functional form allows the presence of non-linear relationships between theoretical forces of human-driven actions and environmental impact. Taking the logarithmic transformation of the above expression we obtain an easy way to calculate the elasticity of the environmental impact with respect to each of the anthropogenic factors:
As York et al. (2002; noted, the STIRPAT model meant a radical reformulation of the IPAT environmental accounting equation into a stochastic form which can be estimated using common econometric techniques in social sciences. This formulation keeps the ecological foundation and the multiplicative logic of the original IPAT model, however, reformulated it to allow estimation of the net effect of each anthropogenic driver on the environmental impact breaking the implicit assumptions that the effect of each driven force was proportional and that their sum equal to one.
Some advantages of the STIRPAT model, as Knight (2009) noted, are related to the analysis of the population-environment relationship in a theoretical framework, but also to the possibility to include relevant control variables to the model as Dietz et al. (2007) , Knight (2008) , Schulze (2002) and others did (for further references see Lin et al., 2009 ). The STIRPAT model, therefore, allows the incorporation of greater complexity in the analysis of between environmental variables and other factors that could determine the negative impact.
In terms of public policy issues, the main advantage of the STIRPAT model is to identify key drivers of environmental impacts and their relative importance. This model can be useful to policymakers who look forward to assessing environmental degradation caused by human-driven forces or to forecast environmental impacts of economic growth.
[3]
[4]
A stochastic model of environmental of tourism impact based on the IPAT equation
Our work stems from the contributions of Dietz and Rosa (1994) and aims at deepening the STIRPAT approach concerning municipal solid waste generation in Mallorca, which is considered as a mature destination.
Since our initial hypothesis is that STIRPAT model regressors are not deterministic over time, our starting point is the same as the one considered by Zagheni and Billari (2007) in which the environmental impact (expressed in terms of MSW generation), evolves over time as a function of P (population size), A (affluence) and T (technology efficiency):
Therefore, if we take the derivate with respect to time, it holds that:
This above expression can be written in terms of growth rates as:
Where e I,P , e I,A , e I,T represent the elasticity of municipal solid waste generation (our environmental variable) with respect to the human-driving forces: Population (P), affluence (A) and technology (T), respectively. Furthermore, it is also possible to decompose the variables A and T as: and where E represent the level of expenditure. It is important to highlight that previous studies on IPAT and STIRPAT models usually include GDP rather than the level of expenditure (E). However, it is significant to note that these studies focused on this variable as a proxy of income and, therefore, as a proxy of consumption, which is the main theoretical reason why human actions impact on the environment. Thereby, by subtraction, we can get the following expression:
[5]
[6] [7] [8]
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and Consequently, we can rearrange the STIRPAT equation as:
According to this formulation, when data on growth rates of I, P, A, E are available; it is possible to estimate the elasticities, however, we can rewrite the whole expression and simplify it as:
In the equation written above the parameters may be estimated by means of the following stochastic formulation:
where ω t is a zero mean error term which behaves according to a normal distribution and with the property of no serial correlation. Therefore, this equation represents an IPAT-based stochastic model of environmental impact. Under the assumptions that the elasticities remain constant over the time period we analyze, the equation may be expressed as:
As Zagheni and Billari argued, equation [15] may be expressed in stochastic terms basically for two reasons: the first one is related to the possibility that other factors than those included in the model might intervene in the explanation of envi- [10] [11]
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[15] ronmental impact, and the second reason is related to the possibility that population and income growth rates do not evolve in a deterministically way, this meaning that their trend might show a random component.
Furthermore, we if we assume that population and income evolve as a stochastic process, then, we can say that: and where t and t are zero mean error term which follow a normal distribution. Starting from these assumptions, we can rewrite equation [15] as a system of three stochastic differential equations:
As it can be derived, OLS estimation of the STIRPAT model in the presence of stochastic regressors would have important impacts on the properties of the estimators 3 . One of the best and most popular methods to overcome the problems generated by stochastic regressors is the use of instrumental variables. This technique attempts to replace the explanatory variable with one, which is not correlated with the disturbance term.
In applied econometric analysis, the use of a suitable instrument can be regarded as a difficult task. However, as the purpose of this research is not the explanation of the determinants of population growth or the expenditure trend, we can get an appropriate instrument by using the estimated value of the explanatory variables through time-series analysis.
This methodology implies that, in order to solve the system, the estimation should be based on two stages. In the first stage, the fitted values of the explanatory variables are obtained by Box-Jenkins methodology. Once the estimated values of the series are calculated, the second step involves the use of them into the STIRPAT equation an estimate the coefficients by OLS regression.
However, if this model is applied to mature tourist destinations which can be characterized by the presence of two different types of populations: local (P L ) and nomad population (P T ) which is formed by tourists, then we can express the variable P as: Therefore, it holds that:
Moreover, if we consider that the expenditure in the economic system is conformed not only by locals but also by nomad population (tourists), then it should hold that:
where E L and E T represent the local expenditure and tourist expenditure, respectively. Therefore, it is also true that:
It is important to note that if we consider that the population and level of expenditure follow a stochastic process in their formulation, this would also hold for the two populations (local and nomad) separately. This means that the use of instruments by Box-Jenkins methodology should be applied to all the four series 4 in the tourist destination.
Methodology
The main goal of this research is to measure the participation of total population (local and tourists) on waste disposal generation. In Mallorca municipal solid waste treatment is charged directly to municipalities, which finally get the resources through taxes on local population and therefore, the amount of garbage generated by tourists could be considered as an externality of production of the tourism sector.
The selection of an appropriated econometric technique would be required to assess the relationship between tourist arrivals and their externality in the most accurate way. Several empirical studies based on IPAT models used traditional econometric methodology on time-series data to measure, among other factors, the relationship between population growth and environmental degradation 5 . However, these models implicitly assumed that explanatory variables were completely exogenous (orthogonal) in these models, neglecting the possibility of stochastic variables in these models. 4 Local population, local expenditure, tourist population and tourist expenditures.
5
The initial empirical studies on IPAT model used this type of econometric analysis.
[21]
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This paper works with a system of stochastic equations following standard approaches in the existing IPAT model literature, but as explained in the previous section, the presence of stochastic regressors implies a problem to direct OLS estimation; therefore, the model should be estimated in two stages. In order to compare results, the methodology proposed involves the estimation of three models:
• Basic model: This specification enables the estimation of the IPAT in its traditional form regardless of the presence of stochastic regressors.
• Stochastic model n° 1: This model assumes that only one explanatory variable (population) could be considered as stochastic in order to assess the effect on the IPAT model of a non-exogenous variable (population, both local and nomad).
• Stochastic model n° 2:
This model includes the possibility of treat all explanatory variables in the IPAT model as stochastic regressors in order to assess the impact on the estimators.
Data
The dependent variable considered is municipal solid municipal waste disposal (RSU) (measured in kilograms). The dataset of RSU series is composed by the total amount of urban solid waste disposal generate in Mallorca between the years 2004 to 2010 regardless recycled elements 6 . The following table shows the list of variables included in the estimation, as well as its definition, a technical explanation and the sources from where the data was taken. By means of this data set, the explanatory variables for the estimation of the three models proposed in the methodology were included in the following table. 
Empirical finding
This section makes use of the models presented above to analyze the environmental impact, expressed in terms of MSW generation by tourist arrivals through three different models.
The estimation of the so called "Basic Model" which results from regressing the perceptual change of RSU (our environmental variable) on the perceptual change of population (POP) and the perceptual change of the level of expenditure (EXP). This specification allows the estimation of the STIRPAT model in its traditional formulation. The Basic Model estimation results gave the expected signs and statistical significance of both coefficients which led to confirm the IPAT hypothesis.
For the Stochastic Model two different versions were estimated: (i) "Stochastic Model nº 1" will include the basic model formulation including the fitted value of the population (POPF) as an instrument to avoid the problem of an stochastic regressor but the variable EXP is considered as non-stochastic; (ii) "Stochastic Model nº 2" includes the formulation of the basic model but including instruments for both regressors (POPF and EXPF). The following table shows the estimation results for the three models. However, it is important to note that the coefficients for the explanatory variables were as expected by theory. The coefficient of population growth (local and nomad) confirms the idea that population is the main determinant of MSW generation in mature tourist destinations. Moreover, the expected sign of expenditure growth (local and nomad) also confirms the idea that affluence does have a positive impact over the pollution growth rate.
Furthermore, it is essential to notice that only in the Stochastic Model n° 1 the expenditure growth rate didn't show a statistical significance of the coefficient. However, for the three models tested the statistical significance of population growth led to confirm that there is no statistical evidence to accept the null hypothesis of non significance of this variable in waste generation.
It is important to highlight that due to the theoretical construction of the model, the explanatory variables cannot be considered directly as elasticities per-se, but rather the coefficients are a combination of them: and Regarding to this, the results allow us to face a situation of two equations and three variables. Therefore, in order to solve this, we need to introduce some additional information in order to reach a final value for the elastiticities.
Even though there are no studies on the elasticity of population or affluence in tourist economies, it could be considered that the best variable to be introduced as additional information may be related to the elasticity of technology. Few studies attempted to calculate this elasticity, but we can find some like the one made by Alfranca (2009) in which he calculates this elasticity with a value of 17.6% or the one of Jaffre and Palmer (1997) with a similar value of 15%. However, as the study made by Alfranca was related to Spanish performance it should be taken as a more accurate value. The following table shows the results from the simulation. The first main result to note is that the lowest value of the population elasticity and the highest value of affluence elasticity are related to the Stochastic Model n° 2. This could mean that if the existence of stochastic regressors is not taken into account on the STIRPAT formulation, there is a high probability of overestimation on the population elasticity and an underestimation of the affluence elasticity.
If we consider that local population growth rate does not change, then an increase of 1% on nomad population (tourist arrivals) would produce an increase in waste [25] [26] disposal generation of 2.024%. Furthermore, if Destination Management Offices (DMO) seeks to increase tourist expenditure by 1% on the destination, subsequently the increase of waste disposal generation would be of 0.31%. It is central to take into account that both concepts are important to measure the impact of tourism growth on the environment.
Taking into account that the results belong to a punctual estimation, given by the value of the technology elasticity and the values of the coefficients estimated in the model, the assumption of a T-distribution for this estimates was applied in order to make a Montecarlo Analysis which would generate an empirical distribution for the elasticity of population and the elasticity of affluence 7 . Montecarlo Analysis considers the mean value of each distribution as the probable value of the variable under analysis. Therefore, the population elasticity would have an expected value of 2.04 and the expected value of the affluence elasticity would be 0.31. The results are shown in the following graphs.
GRAPH 1

Empirical distribution of the population elasticity
Source: Own elaboration.
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The empirical distributions were generated in 3,000 simulations of possible scenarios.
GRAPH 2
Empirical distribution of the affluence elasticity
Finally, the impact of public policies on environmental quality should not only be considered by the amount of laws or directives issued, but also by the way in which governments make this regulation accomplish its goals. In mature tourist destinations one of the main challenges for public authorities is to promote tourism growth minimizing the environmental impact.
As new tourist destinations are trying to increase tourist arrivals, mature tourist destinations are looking to increasing (or at least keep constant) the level of tourist income. Therefore, some DMOs are trying to increase the receipts generated by tourist sector, even if it means a reduction in the number of tourist arrivals.
If we take into consideration that:
and [27]
[28]
If the tourist destination would like to keep the MSW growth rate constant, then the threshold should be: Therefore, if DMO's in Mallorca would like to increase their environmental quality by reducing the amount of visitors to the destinations in 1%, it should be necessary that the increase in tourist expenditure (and local expenditure) generated by this policy should not exceed 6.55%.
Conclusions
As worldwide environmental quality degenerates over time, many countries began to worry about the determinants of environmental degradation. However, although the tourist sector grew in importance as an economic activity, little attention has been paid to the externalities created by this activity through municipal solid waste generation.
It is important to recognize as the UNWTO does, that more and more efforts should focus in the tourist sector in order to make it a sustainable activity which could benefit not only the local population but also to tourists who value natural attributes of the destinations.
However, in order to perform efficient environmental public policies, it is necessary to identify first the main determinants of environmental damage and measure their impact over a given environmental indicator. In academic literature, the STIR-PAT model had attempted to measure the effect of population growth on a given environmental variable.
The aim of this research is to assess the impact of population growth on environmental outcome, measured by the amount of municipal solid waste. The results, obtained by means of three econometric models, supported the IPAT hypothesis for this environmental variable in a mature tourist destination such as Mallorca. This paper looks forward to helping public authorities to understand the relationship between tourist growth and waste disposal generation and contribute to accurate policymaking in mature tourist destinations.
The final model selected (Stochastic Model nº 2) was considered as the most appropriate to explain the IPAT theory though the STIRPAT formulation, since it corrected the problem of stochastic explanatory variables. The main contribution of this research is related to the inclusion of the idea of nomad population (tourists) into the STIRPAT model which attempts to measure the importance of population growth on environmental outcome (municipal solid waste). Traditionally, STIRPAT models tested environmental impacts in industrial regions and focused on greenhouse gasses emissions; however, the theoretical background of the model makes it useful to analyze other kinds of economies like mature tourist destinations.
[29]
The results showed that nomad and local population do have statistical significance and, therefore, should be taken into account to explain the relationship between tourism growth and municipal solid waste generation. Moreover, the estimations also showed the potential relevance of improvement in environmental outcome without harming tourist revenues by means of elasticity of substitution (trade-off) between low income tourists and higher-income tourists.
Furthermore, it is interesting that the results also showed that mature tourist destinations tend to have higher population elasticity than industrial populations (tested in previous STIRPAT models), the causes of this mature tourist destination characteristic should be analyzed in future researches.
